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I.  INTRODUCTION 


This  report  covers  the  experimental  work  done  to  investi¬ 
gate  the  sensitivity  of  5.56mm  tracer  bullets  to  focused  infrared 
radiation  from  a  carbon  dioxide  laser.  The  bullets  were  uncrimped 
and  without  closure  discs  as  they  would  be  after  completion  of 
the  charging  operation  in  production.  It  was  hoped  that  the 
thermal  sensitivity  of  the  tracers  at  this  stage  of  production 
could  be  correlated  with  the  results  obtained  from  firing  the 
completed  rounds  in  a  weapon.  If  correlation  was  established, 
then  an  increased  severity  test  based  on  thermal  sensitivity 
could  be  used  to  determine  the  quality  of  a  lot  of  tracer 
bullets  during  production.  In  addition,  the  combination  of 
this  test  with  the  simultaneous  measurement  of  light  output 
from  the  burning  tracer  would  be  advantageous. 

Initial  experiments  were  performed  with  spinning  tracer 
bullets  and  the  effect  of  spin  rate  on  burning  duration 
observed,  it  was  found  that  the  laser  could  easily  ignite 
tracers  spinning  at  rates  up  to  90,000  rpm  and  that  simul¬ 
taneous  measurement  of  light  output  and  duration  was  not  a 
problem.  This  phase  of  the  testing  was  abandoned  because  the 
spinner  acceleration  and  deceleration  times  severely  limited 
the  rate  of  testing,  and  also  since  ignition  has  been  reported 
to  occur  during  the  first  inch  of  bullet  travel,^"  there  .i 6  no  ^  ' 
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need  to  spin  the  bullet  when  only  the  ignition  phase  is  being 
investigated.  All  subsequent  testing  was  done  with  the  bullets 
at  rest.  Ignition  and  burning  took  place  in  free  air  without 
confinement  and  while  this  is  a  radical  departure  from  the 
environment  in  a  gun  chamber  it  was  a  necessary  simplification 
for  this  series  of  experiments.  Simulation  and  control  of  the 
firing  environment  in  a  gun  chamber  is  a  more  difficult,  but 
possibly  a  necessary  step  in  establishing  the  desired  increased 
severity  test. 

Power,  power  density,  and  duration  of  the  applied  stimulat¬ 
ing  radiation  were  the  controlled  variables  for  the  static 
ignition  tests.  Measurements  were  made  of  the  ignition  time, 
and  from  this  the  ignition  energy  was  calculated  for  a  known 
laser  power.  Ignition  was  said  to  have  been  attained  when  the 
exothermic  reaction  of  the  tracer  mixture  continued  after  cut 
off  of  the  stimulus  irrespective  of  the  attainment  of  a  complete 
burning  cycle,  ignition  energy  measurements,  it  was  hoped, 
would  provide  a  quantitative  measure  of  the  differences  between 
lots  of  tracer  ammunition  independent  of  the  subsequent  burning 
performance. 

The  first  sample  lots  submitted  for  testing  differed  very 
little  in  weapon  performance  (100,  98,  96%  Fire),  and  all  were 
considered  to  be  of  acceptable  quality.  No  significant  difference 
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in  their  sensitivity  to  the  laser  radiation  was  found  by 
experiment.  However,  the  tests  did  establish  the  stimulus 
needed  to  obtain  a  desired  level  of  response.  Subsequent 
lots  with  weapon  performance  levels  of  100,  86,  62  and  50% 
provided  differences  that  were  significant,  and  their  test 
results  constitute  the  basis  for  the  conclusions  formed  and 
stated  by  this  report. 

Considering  the  complexity  and  the  number  of  variables 
involved  in  the  final  stage  of  tracer  bullet  manufacture, 
the  additional  variables  introduced  in  a  weapon  firing  test, 
and  the  effects  of  long  term  storage  on  performance,  the 
correlation  of  the  laser  test  with  weapon  firing  would  be  an 
extremely  fortuitous  result.  That  such  is  not  the  case  for 
this  phase  of  the  experimentation  is  evident  from  the  results 
presented  in  this  report. 
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II.  SUMMARY 

\ 

Although  an  ordered  and  consistent  difference  in  the 
sensitivity  of  5.56mm  tracer  bullet  lots  to  focused  infrared 
laser  radiation  was  established  by  experiment,  the  differences 
do  not  correlate  with  those  found  by  weapon  testing.  The  lot 
most  sensitive  to  the  laser  stimulus  is  the  worst  performer 
in  weapon  firing,  but  this  inverse  relationship  is  not  maintained 
over  the  range  of  sensitivities  investigated.  The  best  perform¬ 
ing  lot  in  a  weapon  is  not  the  lot  least  sensitive  to  the  laser 
stimulus.  This  result  indicates  for  the  test  conditions  de¬ 
scribed  in  this  report,  that  the  thermal  sensitivity  of  5.56mm 
tracer  bullets  to  focused  infrared  laser  radiation  is  not  a 
useful  measure  of  their  subsequent  weapon  performance  parti¬ 
cularly  since  a  partially  inverted  relationship  is  evident  in 
the  test  results.  —  -  *•, 

Previous  work  by  T.  Stevenson  of  Pitman-Dunn  Labs,  Frankford 
Arsenal,2  established  that  the  pyrotechnic  compositions  used  in 
tracer  bullets  are  sensitive  to  impact  and  that  tracer  ignition 
is  probably  a  function  of  both  thermal  and  impact  sensitivity. 
This  suggests  a  series  of  experiments  that  might  be  performed 
to  combine  laser  ignition  with  varying  degrees  of  confinement 
of  the  tracer  bullet  and  moderate  initial  static  pressures  of 
up  to  2000  psi.  A  pressure  close  to  this  level  is  generated 
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by  the  firing  of  the  5.56mm  primer  and  it  could  be  that  the 
primer  energy  is  one  of  the  more  important  factors  involved 
in  the  ignition  of  tracers.  Stevenson's  report^  of  a  12% 
firing  level  for  .30  caliber  tracer  bullets  with  zero  barrel 
length  and  a  100%  level  for  one  inch  of  barrel  indicates  that 
a  self-sustaining  exothermic  reaction  is  generated  very  early 
in  the  weapon  firing  cycle. 

Ignition  energy  measurements  were  not  conclusive,  but 
they  did  indicate  rather  strongly  and  consistently  that  the 
lot  requiring  the  least  energy  to  obtain  ignition  also  per¬ 
formed  worst  in  a  weapon,  and  this  was  true  for  all  tests. 

When  the  surface  quality  or  condition  of  the  lots  was  tested 
by  making  reflectance  measurements  with  a  helium-neon  laser, 
the  worst  lot  for  weapon  performance  proved  to  be  the  most 
reflective.  Conversely,  the  same  anomaly  that  was  true  for 
the  laser  ignition  performance  and  for  ignition  energy  was 
also  true  for  the  reflectance  measurement;  the  best  weapon 
performance  lot  was  not  the  least  reflective. 

The  use  of  the  laser  for  igniting  spinning  tracer  bullets 
is  a  practical  application  of  this  unique  energy  source.  The 
ability  to  control  and  measure  the  radiant  energy  delivery  to 
the  spinning  tracer  and  to  accomplish  this  energy  transfer 
efficiently  and  without  mechanical  contact  are  attributes  of 
a  laser  system  that  qualify  it  for  this  application. 
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III.  TEST  RESULTS 

1.  Laser  ignition  and  Measurement  of  Burning  Characteristics 
at  High  Spin  Rates 

Previous  work  on  ignition  of  spinning  tracer  bullets  by 
an  air-drive  lightweight  firing  pin  method  indicated  the 
difficulties  involved  in  performing  this  operation.  Other 
methods  using  the  output  of  hot  gases  from  a  primer  or  the 
directed  flame  from  a  bunsen  burner  were  also  discussed  in 
this  referenced  report.  The  difficulties  presented  by  this 
operation  serve  to  emphasize  the  advantages  of  using  a  laser 
system.  It  can  control  and  measure  the  magnitude,  intensity, 
and  duration  of  the  energy  input  to  the  tracer  sample  and 
direct  this  energy  to  the  spinning  tracer  target  without 
making  mechanical  contact.  Table  i  lists  laser  powers,  pulse 
duration,  and  calculated  energies  for  the  three  spin  rates 
that  were  tried. 

No  attempt  was  made  to  determine  differences  in  ignition 
energies  between  lots  or  to  test  the  sensitivity  on  a  burn  or 
no-burn  basis.  Laser  energy  delivery  was  set  high  enough  to 
insure  that  good  ignition  and  burning  was  obtained.  The  light 
output  curves  at  rotation  rates  of  90,  60,  and  45  thousand  rpm 
are  shown  in  Figures  1,  2,  and  3  for  the  first  lots  of  tracers 
sent  to  Remington  for  testing.  All  lots  had  acceptable  levels 


TABLE  I 


5.56mm  TRACER  -  LASER  IGNITION 

AT  HIGH 

SPIN  RATES 

Laser 

Pulse 

Pulse 

Burning 

Power 

Length 

Energy 

RPM 

Time 

Sample 

(Watts) 

(milliseconds) 

(joules) 

X1000 

(seconds) 

100%  Fire 

43.5 

25.8 

1.12 

40 

2.09 

Contract 

40 

28.8 

1.15 

40 

2.12 

#395 

40 

30.3 

1.21 

65 

1.79 

42.5 

32.0 

1.36 

90 

1.74 

45 

32.0 

1.44 

90 

1.83 

98%  Fire 

39 

28.6 

1.12 

40 

2.00 

Contract 

45 

29.0 

1.30 

40 

1.86 

#394 

42 

31.0 

1.30 

65 

1.78 

43 

32.5 

1.40 

90 

1.62 

96%  Fire 

39 

29.2 

1.14 

40 

1.95 

Contract 

40 

31.0 

1.24 

65 

1.78 

*393 

44 

32.5 

1.43 

90 

1.78 

(No  ignition  failures.  All  values  are  for  individual  samples.) 
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LIGHT  OUTPUT  FROM  SPINNING  TRACER  -  96% FIRE 
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of  weapon  performance,  100,  98  and  96%.  There  is  a  reduction 
in  light  output  for  all  three  lots  with  increasing  rpm  and 
also  a  reduction  in  burning  time.  No  significant  difference 
between  samples  is  evident.  Determination  of  total  light 
output  by  graphical  integration  of  areas  under  the  curves 
was  not  attempted  because  the  slow  response  of  the  photometer 
seriously  limited  the  accuracy  obtainable.  Due  to  the  time 
necessary  for  accelerating  and  decelerating  the  spinner  and 
also  because  the  spin  may  affect  the  ignition  process,  this 
portion  of  the  experimental  program  was  discontinued.  Combina¬ 
tion  of  a  spin  test  with  an  increased  severity  test  in  the 
future  is  not  ruled  out  by  this  action  if  the  time  is  not 
excessive  and  if  experimentation  indicates  that  high  spin  rates 
do  not  affect  the  initial  igniting  process. 

2 .  Ignition  Tests 

A.  (Lots  with  100,  98,  and  96%  weapon  firing  performance) 
Very  little  difference  in  the  weapon  firing  performance 
of  the  samples  lots  was  evident,  a  fact  also  borne  out  by  a 
statistical  analysis  of  the  laser  ignition  tests.  On  the 
basis  of  the  energy  required  to  ignite  the  tracers,  all 
tests  failed  to  reject  the  null  hypothesis,  (no  difference 
between  sample  means)  at  a  confidence  level  of  90%  using  the 
F-ratio  test.  The  data  were  tested  to  see  that  they  met  the 
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requirements  for  using  the  F-ratio  test  and  normality  of 
distribution  confirmed  by  using  the  Kolmogorov-Smirnov 
non-par ame trie  test. 

Results  for  the  individual  sample  lots  are  given  in 
Table  II.  The  number  of  bullets  used  per  test  was  small 
due  to  the  limited  sample  size  available  and  also  because 
it  was  necessary  to  establish  the  range  of  stimulus  levels 
needed  before  increasing  the  number  of  shots  fired  per  sample. 

A  tabulation  of  the  results  from  combined  lots  is  given 
in  Table  III,  and  a  graphical  presentation  in  Figure  4.  The 
dependence  of  ignition  and  burning  on  the  total  energy  sup¬ 
plied  is  evident  and  also  the  dependence  of  ignition  time  on 
power  density.  Spot  size  was  kept  the  same  (  0.090"  diameter) 
for  all  the  tests  and  in  general  it  is  evident  that  the  higher 
laser  powers  produced  shorter  ignition  times  and  energies. 
Failure  to  detect  significant  differences  in  sample  lots  on 
the  basis  of  ignition  energy  was  not  surprising  for  this  test 
series  in  view  of  the  narrow  range  of  sample  sensitivities 
involved.  It  indicated  the  limited  resolution  obtainable  by 
measurement  of  this  parameter.  Differences  in  the  sensitivity 
of  the  sample  lots,  based  on  the  fraction  that  ignited  and 
burned,  did  not  indicate  an  ordered  and  consistent  sensitivity 
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B.  Lots  with  100,  86,  62  and  50%  Weapon  Firing  Performance 


The  following  sample  lots  were  tested: 

Code  No.  Weapon  Performance  Reported  Defects 


108 

109 

110 

Control 


100%  fired 
85%  fired 
62%  fired 
50%  fired 


1  short  -  6  blinds 

3  delays  -  2  shorts  - 
14  blinds 
not  given 


Laser  ignition  energy  measurements,  it  was  hoped,  would 
provide  a  quantitative  determination  of  the  quality  of  a  lot 
of  tracer  bullets  that  would  correlate  with  their  weapon 
firing  test  results,  ignition  energy  is  the  product  of  laser 
power  and  ignition  time  as  measured  from  initiation  of  the 
laser  stimulus  to  the  first  detectable  radiant  emission.  It 
includes  corrections  made  for  differences  in  reflectance 
between  sample  lots.  Ignition  is  said  to  have  occurred  if 
light  emission  from  the  tracer  continues  after  cut-off  of  the 
laser  radiation  irrespective  of  completion  of  the  burning  action. 
Many  partial  ignitions  are  included  in  the  ignition  energy  cal¬ 
culations  since  burning  failed  to  continue  after  ignition. 

Test  results  tabulated  in  order  of  decreasing  input  energy 
are  given  in  Table  IV.  Test  #5  approached  the  zero  ignition 
and  burn  level  so  that  comparison  of  results  on  a  statistical 
basis  for  ignition  energies  was  not  possible. 
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The  following  observations  are  pertinent  to  the  test 
results  given  in  Table  IV: 

1.  An  ordered  and  consistent  sensitivity  to  focused 
laser  radiation  was  found  that  does  not  correlate 
with  weapon  testing.  An  inverse  relationship  is 
indicated  except  for  the  anomaly  due  to  the  rela¬ 
tive  order  of  the  86%  and  100%  weapon  fired  lots. 
Combining  of  the  100  and  86%  lots  as  acceptable, 
and  the  62%  and  50%  as  rejectable  emphasizes  this 
inverse  relationship  as  shown  in  Table  V. 

2.  Only  two  tests,  #2  and  #4,  showed  differences  in 
sample  ignition  energies  that  could  be  verified 
statistically  at  a  confidence  level  of  0.90.  The 
large  standard  deviations  that  occurred  on  all 
tests  do  not  provide  confidence  in  this  parameter 
as  a  measure  of  lot  quality. 

3.  The  ability  to  generate  a  self-sustaining  deflagra¬ 

tion  is  related  to  the  size  and  temperature  of  the 
hot  spot  created  at  the  surface  of  the  tracer  mixture. 
The  focused  spot  size  was  kept  constant  (  0.1" 

diameter)  so  that  power  density  at  the  sample  surface 
was  proportional  to  laser  power.  Duration  and  power 
of  the  laser  stimulus  was  controlled  and  varied  in 


Combined  Acceptable  Lots  (100  &  86%  Fire)  Vs.  Rejectable  Lots  (62  &  50%  Fire) 
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order  to  investigate  a  range  of  stimulus  from  zero 
to  a  100%  firing  level.  The  effect  of  power  density 
on  laser  ignition  performance  is  shown  in  Figure  5 
and  its  relationship  to  ignition  time  in  Figure  6. 
Samples  which  performed  well  in  a  weapon  were  more 
sensitive  to  power  density.  That  some  critical  spot 
temperature  is  needed  to  generate  a  self-sustaining 
exothermic  reaction  in  the  tracer  material  is  evident. 
Establishment  of  this  parameter  for  tracers  is  beyond 
the  planned  scope  of  this  series  of  experiments 
although  much  work  has  been  reported  for  other 
explosives5. 

4.  Excessive  power  density  is  detrimental  to  laser  igni¬ 
tion  as  shown  in  Figure  5.  If  tests  #3  and  #4  in 
Table  IV  are  compared,  it  will  be  seen  that  for  test 
#3  the  power  input  was  twice  that  of  test  #4  and  the 
duration  of  stimulus  less  by  one-half  so  that  the 
overall  energy  input  was  effectively  the  same. 

However,  the  percent  ignited  and  burned  was  less  in 
all  cases  for  the  high  power  density  and  particularly 
so  for  those  samples  (86  and  100%)  considered  to  be 
acceptable.  Figure  7  illustrates  this  well.  The 


POWER  DENSITY 
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breaks  in  all  curves  indicate  that  a  loss  of  the 
energy  available  to  the  exothermic  reaction  has 
occurred.  This  can  reasonably  be  attributed  to 
changes  of  state  in  the  tracer  mixture  or  ejection 
of  materials  from  the  sample  surface.  Some  evi¬ 
dence  of  both  phenomena  was  found  upon  examination 
of  those  tracer  bullet  samples  which  were  partially 
ignited. 

5.  The  ignition  and  burn  characteristics  of  the  tracers 
varied  widely  as  exemplified  by  the  following  observed 
reactions. 

a.  Fire  -  good  ignition  and  a  complete  burn 

b.  Fire  -  short  burn.  The  tracer  mixture  burns  down 

to  a  certain  level  at  which  the  remaining 
mass  is  ejected  from  the  bullet  casing  with 
no  additional  burning 

c.  Fire  -  erratic  burn.  The  level  of  burning  varies 

greatly  and  an  intermittent  cessation  of 
radiant  output  occurs  that  could  be  due  to 
the  ejection  of  tracer  material  during  the 


burn. 
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d.  Partial  Ignition  -  ignition  of  the  igniter  materials 

occurs  as  evidenced  by  erratic  radiation  of 
a  duration  longer  than  the  laser  pulse. 

However,  no  light  output  is  detected  by  the 
photometer  and  apparently  burning  is  taking 
place  at  a  lower  temperature.  Examination 
of  the  tracers  reveals  a  very  definite  indi¬ 
cation  of  burning  as  evidenced  by  blackening 
of  the  walls  of  the  tracer  cavity,  cratering 
at  the  bottom  of  the  cavity,  and  the  presence 
of  slag  as  shown  in  the  photograph  (Figure  8) . 

e.  Ignition  Failure  -  very  little  or  no  output  radiation 

is  detected,  and  when  detected  its  dura  tier, 
is  equal  to  or  shorter  than  the  applied  laser 
stimulus.  Examination  of  the  tracer  usually 
reveals  scattered  spots  of  localized  activity 
and  a  small  amount  of  slag.  See  Figure  9. 
Recorded  outputs  as  taken  on  multichannel 
galvanometer  recorder  are  shown  in  Figure  10 
for  the  various  conditions  of  ignition  described. 


IGNITION  FAILURE  - 
FIGURE 


5.56mm  TRACER 
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C.  Reflective  Properties  of  Samples  Lots 

It  is  logical  to  assume  that  the  optical  surface  properties 
of  the  compacted  tracer  would  vary  depending  upon  the  nature  of 
the  igniter  material  used,  degree  of  tamping,  condition  of  the 
tamping  punch,  etc. 

Measurements  of  reflectance  using  a  helium-neon  laser  source 
have  found  a  difference  between  sample  lots  that  is  statistically 
reliable  at  a  confidence  level  of  0.95.  The  most  notable  result 
was  that  the  sample  lot  with  the  poorest  weapon  performance  also 
has  the  greatest  reflectance.  Furthermore,  the  anomaly  between 
the  positions  of  the  86%  and  100%  samples  previously  noted  for 
the  laser  ignition  tests  also  is  present  for  the  reflectance 
measurements.  The  sample  least  reflective  was  the  next  best 
performer  in  a  weapon  firing  test  as  shown  in  Table  VI. 

TABLE  VI 

Sample  Reflectance 

Sample  %  Reflectance 


100% 

10.0 

86% 

8.3 

62% 

10.7 

50% 


11.2 
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IV.  EXPERIMENTAL  METHODS  AND  EQUIPMENT 

1.  Laser  Beam  Power  Measurement  and  Control 

A  pictorial  diagram  (Figure  11)  shows  the  general  func¬ 
tional  layout.  Initially  the  continuous  output  beam  from  the 
CC>2  laser  is  blocked  by  a  solenoid  operated  stainless  steel 
reflector  that  directs  the  beam  to  a  thermopile,  the  output 
of  which  is  amplified  and  sent  to  a  multi-channel  galvano¬ 
meter  recorder.  The  first  reflector  acts  as  the  opening  gate, 
and  a  second  solenoid  operated  reflector,  initially  clear  of 
the  beam  path,  serves  as  the  closing  gate  for  the  laser  beam. 
This  shutter  system  is  synchronized  with  a  motor  driven  chopper 
disc  which  controls  the  duration  of  the  laser  stimulus.  Syn¬ 
chronization  is  obtained  by  use  of  an  electromagnetic  pick-up 
which  senses  the  passage  of  a  magnetic  disc  fastened  to  the 
chopper  blade  surface.  The  output  pulse  from  the  pick-up  is 
amplified,  shaped,  and  directed  to  an  operator  controlled 
"fire"  switch  for  shutter  solenoid  control.  (See  Figure  12). 
Output  of  the  amplifier  is  also  sent  to  an  electronic  counter 
which  serves  to  measure  and  continuously  monitor  the  aperture 
time  generated  by  the  chopper  disc.  The  location  of  the  mag¬ 
netic  disc  on  the  chopper  blade  is  set  so  that  the  shutter 
opening  and  closing  operation  is  completed  during  the  time 
the  beam  is  cut  off  by  the  chopper  blade.  After  passing 
through  the  chopper  aperture,  the  beam  is  folded  twice  with 
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gold  front  surface  flats  and  then  focused  by  a  gold  front 
surface  sherical  mirror  (15  cm.  focal  length)  on  to  the 
bottom  of  the  depression  formed  in  the  tracer  material  by  the 
tamping  punch.  Distance  of  the  mirror  from  the  laser  surface 
was  set  to  produce  an  approximately  0.1"  diameter  spot  that 
covers  the  bottom  of  the  depression  in  the  tracer.  A  photo¬ 
graph  of  the  carbon  dioxide  gas  laser  as  taken  from  the  output 
end  is  shown  in  Figure  13  and  a  view  of  the  spinner  apparatus, 
mirrors,  chopper,  and  thermopile  shown  in  Figure  14  as  seen 
from  in  back  of  the  15  cm.  focusing  mirror.  The  solenoid 
driven  shutters  are  just  noticeable  to  the  right  of  the 
chopper . 

2.  Spinner  RPM  Measurement 

The  spinner  provided  by  Frankford  Arsenal  is  well  des¬ 
cribed  in  Report  R-1704^2^.  A  housing  was  built  to  contain 
the  spinner  both  for  safety  reasons  and  to  provide  a  means  of 
containing  and  exhausting  the  combustion  products  from  tracer 
burning.  The  housing  was  made  from  12"  O.D.,  -  3/8"  wall, 
steam  pipe.  Mountings  for  the  focusing  mirror  and  the  photo¬ 
meter  were  fastened  to  the  side  of  the  housing  and  the  housing 
itself  mounted  on  a  rectangular  wooden  box  which  serves  both 
as  a  base  for  the  housing  and  a  chamber  for  coupling  to  the 
vacuum  cleaner  exhaust  system. 
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To  measure  the  spinner  rotation  rate,  a  flat  black 
coating  with  a  reflective  gap  was  sprayed  on  the  flat  surface 
of  the  spinner  cone.  A  tungsten  filament  light  source  and  a 
photo  field  effect  transistor  detector  are  mounted  and  oriented 
so  that  passage  of  the  reflecting  gap  increases  the  light  flux 
into  the  detector.  The  output  pulse  from  the  detector  is  then 
amplified,  shaped,  and  sent  to  an  electronic  counter  for  RPM 
measurement  and  readout. 

3 .  Measurement  of  Ignition  Time 

Ignition  time  is  measured  directly  from  a  storage  oscil¬ 
loscope  display  of  the  output  of  a  photo-diode  used  to  detect 
the  radiant  emmission  from  the  tracer.  A  storage  oscilloscope, 
retains,  until  erased,  the  information  display  generated  by  a 
single  sweep  of  its  electron  beam  at  a  known  rate.  The  sweep 
is  triggered  by  the  first  pulse  from  the  electromagnetic  pick¬ 
up  following  the  closure  of  the  firing  switch.  Time  is  measured 
from  the  start  of  the  recorded  trace  to  the  first  vertical  de¬ 
flection  signal.  Figure  15  is  a  typical  scope  display  for  both 
the  partial  ignition  and  normal  ignition  and  burn  conditions. 

The  relative  timing  and  duration  of  the  applied  23  watt-25 
millisecond  stimulus  has  been  added.  Due  to  the  initial  pick- 
off  position  of  the  start  signal  for  the  scope  sweep,  it  is 
necessary  to  calculate  the  true  time  on  the  following  basis: 
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Tj  =  Tr  -  1.33  (Blocking  Aperture  Time) 
where  Tj  =  Ignition  Time 

T  =  Recorded  Time 
R 

The  aperture  time  is  obtained  from  the  electronic  counter 
reading  of  time  per  revolution  divided  by  two  since  the  chopper 
disc  used  for  all  tests  had  a  180°  blocking  segment.  A  1.33 
factor  compensates  for  the  fact  that  a  60°  lead  exists  due  to 
the  relative  position  of  the  electromagnetic  pick-off.  Although 
the  initiating  trigger  does  occur  during  the  transmitting  sec¬ 
tion  of  the  chopper  disc,  the  solenoids  are  too  slow  to  respond 
in  this  time  interval  for  the  range  of  chopper  speeds  used  and 
shutter  transfer  is  restricted  to  the  blocking  time  of  the 
chopper  disc. 

4.  Relative  Reflectance  Measurements 

To  check  the  relative  amount  of  energy  reflected  from  the 
tracer  samples,  a  Model  120  Spectra  Physics  helium-neon  laser 
was  used.  It  has  an  output  of  approximately  9  milliwatts  at  a 
wavelength  of  0.63  micrometers  in  the  red  portion  of  the  visible 
spectrum.  A  special  beam  splitter  mounting  was  designed  to  fit 
over  the  rotor  of  the  bullet  spinner  so  that  measurements  could 
be  made  with  the  same  optical  system  used  to  direct  and  focus 
the  CO2  laser  -beam.  Figure  16  is  a  drawing  of  the  unit  in 
position  for  testing.  A  front  surface  mirror,  actually  the 
polished  end  surface  of  an  aluminum  rod,  was  used  in  place  of  the 
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tracer  to  obtain  a  value  for  the  maximum  reflected  energy. 
Recorded  values  for  the  samples  were  expressed  as  a  percentage 
of  this  maximum  and  a  total  of  thirty  bullets  measured  for 
each  sample.  The  laser  beam  was  gated  through  the  chopper 
system  and  the  amplitude  of  the  output  pulse  from  the  photo¬ 
diode  detector  displayed  on  an  oscilloscope  for  measurement 
of  the  relative  light  outputs.  A  diffusing  target  was  used 
to  trap  the  light  off  the  back  surface  of  the  beam-splitter 
in  order  to  prevent  feedback  of  light  to  the  photo-diode. 

5 .  Laser  Beam  Characteristics 

The  carbon  dioxide  gas  laser  used  as  a  source  of  infrared 
energy  was  designed  and  built  at  Remington  Arms  Company,  inc. 

It  is  two  meters  in  length  and  emits  a  continuous  collimated 
infrared  beam  at  a  wavelength  of  10,6  micrometers.  Operation 
is  multimode  and  unstabilized  which  means  that  all  modes  of 
oscillation  are  allowed  to  propogate  within  the  laser  cavity. 
This  results  in  a  beam  with  a  non-uniform  and  changing  intensity 
distribution  transverse  to  its  direction  of  propagation.  There¬ 
fore,  the  power  densities  given  in  this  report  are  average  and 
hot  spots  of  considerably  greater  intensity  do  occur  within 
the  beam  cross  section. 

6 .  Light  Output  Detection  and  Measurements 
a.  Photometric  Measurements 


A  Gamma  Scientific  Model  700  log-linear  photometer  with 


39 


a  Model  700-4  cosine  receptor  head  was  used  to  measure  the 
tracer  light  output.  Recording  of  the  photometer  output  was 
made  on  a  multi-channel  galvanometer  recorder.  The  cosine 
receptor  head  contains  a  photoptic  filter  to  provide  the 
standard  luminosity  curve  of  the  human  eye  for  footcandle 
measurements.  With  this  head  the  sensitivity  varies  with  the 
cosine  of  the  angle  the  incident  ray  makes  with  a  line  normal 
to  its  receiving  surface.  Distance  of  the  receiving  surface 
from  the  burning  tracer  was  set  at  12  inches  and  the  receiving 
angle  limited  by  a  1"  aperture  placed  3-1/4"  from  the  cosine 
receptor  surface.  Response  of  the  photometer  was  too  slow  to 
allow  integration  of  the  light  output  signal  from  the  tracer 
bullet  to  be  performed  on  the  recorded  curve.  Since  only 
burning  duration  and  relative  output  measurements  were  needed, 
this  limitation  presented  no  difficulty, 
b.  Radiometeric  Measurement 

A  Model  4205  Hewlett-Packard  PIN  photo-diode  served  as  a 
detector  of  the  radiant  output  of  the  burning  tracer.  This 
photo-diode  has  a  spectral  response  curve  extending  into  the 
near-infrared  at  1.1  micrometers  so  that  it  picked  up  radiant 
emission  from  the  tracer  before  light  output  started.  One 
advantage  in  using  the  CO2  laser  as  a  source  is  that  the 
detectors  are  blind  to  the  la  r's  10.6  micrometer  wavelength 
and  therefore  only  the  effects  of  the  stimulating  source  are 
detected.  The  photo-diode  was  mounted  on  the  rim  of  the 


spinner  housing  and  looks  at  the  tracer  from  above  at  an  angle 
of  approximately  15°  and  from  a  distance  of  3"  to  the  end  of 
the  tracer  bullet. 
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V.  DISCUSSION 


Differences  between  sample  lots  of  tracer  bullets  have 
been  found,  by  experiment.  The  differences  are  in  the  reflec¬ 
tive  properties,  ignition  energies,  and  the  fraction  success¬ 
fully  ignited  and  burned  at  various  laser  stimulus  levels. 

No  correlation  was  found  between  reported  weapon  firing  per¬ 
formance  and  laser  ignition  performance  (%  ignited  and  burned) . 
However,  the  differences  in  reflectance  and  ignition  energy 
between  sample  *ots  indicate  these  factors  are  worthy  of 
investigation  as  possible  indicators  of  lot  quality.  Both 
reflective  and  ignitive  properties  of  the  tracer  bullets  can 
be  expected  to  relate  to  the  surface  characteristics  of  the 
tamped  igniter  and  sub-igniter  mixtures.  Surface  character¬ 
istics  in  turn  will  be  functions  of  tamping  pressure,  tool 
condition,  and  the  amount,  composition,  and  condition  of  the 
tracer  mixtures;  all  of  which  are  factors  subject  to  control 
before  the  final  crimping  and  closure  operation.  Sample  dif¬ 
ferences  for  ignition  energy  were  not  found  for  all  tests, 
but  the  results  do  indicate  that  differences  will  be  found 
over  a  limited  range  of  radiant  power  density  at  the  sample 
surface.  High  power  densities  obscure  the  differences  due 
to  alteration  of  the  surface  characteristics  by  changes  of 


-  42  - 


state  or  material  ejection  at  the  sample  surface.  Low  power 
densities  and  longer  stimulus  times  introduce  sub-surface 
properties  such  as  thermal  diffusivity  that  wouldn't  normally 
be  considered  for  the  very  short  duration  transient  pressures 
and  temperatures  generated  in  a  gun  chamber  during  firing. 
Examination  of  test  results  indicates  that  a  CO2  laser  power 
of  42  watts,  a  pulse  duration  of  15  milliseconds,  and  a  spot 
diameter  of  approximately  0.100"  (effective  diameter  because 
of  contoured  shape  of  punch  indentation)  would  provide  a  suit¬ 
able  input  for  further  investigation.  Statistical  analysis 
indicated  a  0.99  confidence  level  for  rejecting  the  null 
hypothesis  of  no  difference  between  samples  at  this  stimulus 
level.  While  a  proposal  has  been  submitted  for  additional 
work  using  a  neodymium-glass  laser,  the  use  of  a  CO2  laser  is 
advantageous  for  the  first  step  in  a  new  testing  program. 
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VI.  RECOMMENDATIONS 


From  random  samples  of  production  lots  of  tracer  bullets 

1.  Make  relative  reflectance  measurements  at  6328A  with 
a  ^felium-Neon  Laser. 

2.  Make  ignition  energy  measurements  using  a  C(>2  laser. 

3.  On  the  basis  of  1  and  2  predict  weapon  performance. 

4.  Make  weapon  firing  tests  on  all  samples. 

a.  For  those  samples  measured  for  reflectance, 
complete  the  manufacturing  operation,  identify 
the  samples  by  their  relative  reflectance  and 
determine  if  differences  can  be  established  both 
within  and  between  samples. 

b.  For  those  sample  lots,  portions  of  which  were 
destroyed  by  ignition  energy  measurement,  assume 
that  the  balance  of  the  sample  is  representative 
of  the  quality  of  the  lot. 

5.  Examine  test  results.  If  no  correlation  is  found,  it 
will  have  to  be  assumed  that  there  are  overriding 
factors  that  invalidate  the  differences  in  surface 
quality,  such  as; 

a.  impact  sensitivity 

b.  Pressure  -  peak  or  rate  or  rise  in  firing 
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c.  Temperature  -  peak  or  rate  of  rise  in  firing 

d.  Powder  burning  rate 

e.  Crimping  operation 

f.  Closure 

g.  Primer  energy 

h.  weapon  condition 

i.  Environmental  effects 

A  combination  of  any  or  all  of  these  factors,  since  some 
are  definitely  interrelated,  could  be  responsible  for  poor 
performance. 

It  is  known  for  instance  that  the  following  corrective 
actions  have  succeeded  in  salvaging  lots  classified  as  unac¬ 
ceptable. 

a.  Addition  of  new  igniter  material 

b.  Recrimping- this  apparently  breaks  up  the 
igniter  surface. 

c.  Change  of  propellant 

The  effect  of  transient  firing  pressure  on  the  ignition 
of  tracers  would  appear  to  be  the  next  most  promising  para¬ 
meter  for  investigation.  A  combination  of  laser  stimulus 
with  confinement  of  the  tracer  equivalent  to  that  in  a  weapon, 
and  the  incorporation  of  additional  static  or  transient  pressures 
would  provide  additional  information  on  the  ignition  process. 
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At  this  point,  the  neodymium  glass  laser  would  be  used  as  the 
source  for  practical  reasons.  Confinement  will  necessarily 
require  transmission  of  laser  radiation  through  the  confining 
means  and  ordinary  optical  materials  will  not  transmit  the 
C02  laser's  10.6  micron  wavelength.  Other  forms  of  stimuli 
such  as  impact,  adiabatic  compression  of  a  confined  gas,  etc. 
would  be  logical  areas  for  additional  experimentation. 

4 

6.  if  test  results  indicate  a  correlation  between  weapon 
firing  and  either  reflectance  or  ignition  energy  or 
both,  then  an  investigation  to  determine  the  effects 
produced  by  variations  in  tamping  pressure  and  mixture 
quality  will  be  needed  to  designate  those  factors  of 
greatest  importance  for  quality  control. 
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